Objectives To investigate if smoking was related to the risk of cataract surgery in diabetic patients. Methods A total of 9578 diabetic participants aged 45-65 years were enrolled from the 45 and Up Study, the largest population-based cohort study in Australia. Baseline questionnaire data were linked to the Medicare Benefits Schedule (MBS) and Pharmaceutical Benefits Scheme (PBS) database, which were both available from 2004 to 2016. Cataract surgery was determined according to the MBS. Smoking status were assessed by questionnaire. Cox regression was used to evaluate the association between smoking and incidence of cataract surgery during the follow-up.
Introduction
Cataract remains a leading cause of blindness and visual impairment worldwide [1] . According to the Global Burden of Disease Study 2010, one-third of the global blindness was attributed to cataract [2] . Despite the decrease in cataract prevalence and improvement in cataract surgery in recent decades, challenges remain to reduce the cataract burden in the aging society. The higher risk of cataract and cataract surgical complications among diabetic patients have been well established [3, 4] . Given that diabetes has been emerging a global epidemic in the modern world (451 million people in 2017) [5] , and cataract extraction is the only available effective treatment, which also poses a major financial burden to the health system, identifying modifiable risk factors that may help reduce or delay cataract surgery among diabetic patients has substantial clinical and economic significance.
Smoking is an established risk factor for a wide range of diseases, including cardiovascular disease [6] , lung cancer [7] , age-related macular degeneration [8] , and cataract [9] . There is evidence showing a dose-response effect of smoking on cataract risk and there are also isolated reports of an increased risk of cataract surgery with smoking [10] . Oxidative stress induced by smoking is thought to be, at least in part, the underlying mechanism for increased risk of cataract [11] . It is also reported that smoking could increase the risk of micro and macro-vascular complications of type 2 diabetes through its effect on insulin resistance, inflammation, and dyslipidemia [12, 13] . However, whether smoking could aggravate the risk of cataract surgery among diabetic patients, who are at higher risk of developing cataract, is less investigated.
Effect of smoking cessation on the risk of cataract and cataract surgery had been previously reported [10, [14] [15] [16] , with some revealing a protective effect while others demonstrating that the risk of cataract remains elevated for many years following smoking cessation. In addition to a high cataract surgical rate and large diabetic population, Australia also has a characteristically long history of heavy smoking, high levels of smoking cessation and a low current smoking prevalence [17] . Thus, it is an ideal sample to evaluate the associations between smoking and cataract surgery among diabetic patients for making specific recommendations.
The purpose of this study was to investigate the effects of smoking intensity and cessation on the risk of cataract surgery among working-aged Australians with diabetes. We also assessed the quantitative association between smoking and cataract surgical risk among participants with different smoking intensity, as well as whether smoking cessation could benefit more in certain population subgroups.
Methods

Participants
The Sax Institute's 45 and Up Study is a large prospective population-based cohort study of 266,896 men and women aged 45 years and over randomly sampled from the Department of Human Services (Formerly Medicare Australia) enrollment database. The study methodology had been described in detail elsewhere [18] , and the study population was smaller than previously reported due to participant withdrawals. In brief, baseline participant recruitment was commenced in January 2006 and completed by December 2009. All participants entered the study by completing a mailed self-administered questionnaire and also providing written consent for long-term follow-up and linkage of their health information to routine health databases, including the Medicare Benefits Schedule (MBS) and Pharmaceutical Benefits Scheme (PBS). The overall response rate was nearly 18% and the baseline participants included about 10% of the NSW population aged 45 years and over.
Diabetic participants aged 45-65 years were enrolled for the current study, as most of the participants aged over 65 years had already undergone cataract surgery before baseline [19, 20] . Participants who responded positively to the question "Has a doctor ever told you that you have diabetes" in the baseline questionnaire or those who had been prescribed with diabetes medications according to PBS were identified as positive for diabetes status. Previous evidence from the 45 and Up Study had shown a high sensitivity and specificity for self-reported diabetes [21] . Exclusion criteria of the current study include: [1] gestational diabetes (N = 494); [2] participants who reported an age at diabetes diagnosis older than the baseline age (N = 146); [3] a history of cataract surgery or vitrectomy (N = 203); [4] missing data for smoking (N = 516); [5] participants with a body mass index (BMI) level of < 15 or > 50 kg/m 2 (N = 214). Thus, a total of 9578 participants were included for analysis ( Fig. 1 ). Ethics approval for the 45 and Up Study was granted by the University of New South Wales Human Research Ethics Committee. Ethics approval for this specific study was granted by The Royal Victorian Eye and Ear Hospital Human Research Ethics Committee.
Exposures
Smoking status was determined based on participants' response to the baseline questionnaire, and further classified into three groups: never-smoker, former smoker, and current smoker. Never smokers were based on responses to the questions "Have you ever been a regular smoker?". Current and former smokers were defined by answer to the question "Are you a regular smoker now?". Current and former smokers were further asked about the age when they started smoking regularly, the average number of cigarettes they smoked each day, and the age when they stopped smoking regularly. Specific smoking-related questions in the 45 and Up Study had been previously reported [17] . Smoking intensity was calculated as the number of cigarettes and pipes/cigars smoked each day, which was categorized as < 10, 10-15, 16-20 and ≥ 21 cigarettes/day. Cumulative dose was calculated as the number of pack-years of tobacco, and further categorized into four groups: < 10, 10-19, 20-29 and ≥ 30 pack-years. Time since quitting was defined as the duration between the age at quit smoking and the current age, and further categorized into four groups: < 5, 5-14, 15-24, and ≥ 25 years.
Co-variates
Co-variates including baseline age, gender, household income, education level, BMI, history of hypertension (yes/ no), history of cardiovascular disease (CVD) (yes/no), insulin treatment (yes/no), diabetes duration, alcohol drinking (yes/no), and physical activity were collected from self-reported questionnaires at baseline. Age was divided into four groups: 45-49, 50-54, 55-59, and 60-65 years (y). Education levels were classified as no qualifications, completion of a certificate or diploma but lower than a university degree, or a university degree or higher. Household income of the participant was categorized into four groups: < $AU20000, $AU20000-40000, $AU40000-70000 and > $AU70000. Diabetes duration was calculated based on participant response to the question "please cross the box and give your age when the condition was first found", and further classified into four groups: < 5 years, 5-10 years, 10-20 years, and ≥ 20 years. Physical activity (PA) was calculated as the metabolic equivalent intensity level (MET-adjusted) number sessions of PA, which was further categorized into four groups: < 5, ≥ 5-9, 9-14, and ≥ 14 MET-adjusted sessions per week [22] . BMI was calculated from self-reported height and weight, which has been previously validated in this cohort [23] . BMI was categorized according to the WHO recommendation as follows: normal weight (15 to < 24.9 kg/m 2 ), overweight (25.0 to < 29.9 kg/m 2 ), and obese ( ≥ 30.0 to 50 kg/m 2 ).
Outcome
Whether participants had undergone cataract surgery during the follow-up was ascertained by the MBS (Code: 42698 and 42702). Linkage of the 45 and Up Study cohort data to the MBS and PBS data, both available from 2004 to 2016, was done by the Sax Institute using a unique identifier that was provided by the Department of Human Services.
Statistical analysis
Baseline characteristics of the study participants with different smoking status (never, former, or current smokers) were calculated and compared using a χ 2 -test for categorical variables and t-test for continuous variables. Incidence rates with person-years of follow-up as the denominator were calculated from baseline until the date of cataract surgery or end of follow-up (31 December, 2016), whichever came first. Two Cox proportional hazards models were used to calculate the hazards ratios (HRs) and 95% confidence intervals (CI), to assess the effect of smoking intensity and cumulative dose of smoking on the risk of cataract surgery during the followup. The crude model was adjusted for age and gender, and the multivariate model, was further adjusted for income, education level, BMI, history of hypertension, CVD, diabetes (DM) duration, insulin use, alcohol drinking and PA. The association between smoking cessation and cataract surgery was assessed in different subgroups of gender, BMI and insulin treatment groups using the fully adjusted model. The never smokers group were used as the reference group in all the analysis. Missing values for co-variates were treated as separate categories. All analyses were performed using the SAS software (version 9.4; SAS Institute, Inc), and a two-sided P-value of < 0.05 was considered statistically significant. 
Results
In this cohort of 9578 diabetic participants (mean [SD] age: 57.3 [5.2] years; female: 45.6%), a total of 995 participant underwent cataract surgery during a mean follow-up of 8.4 years (80,373 person-years), corresponding to an incidence rate of 12.4 cases per 1000 person-years. Of all participants at baseline in this study, 10.8% were current smokers, 38.7% were former smokers, and 50.5% were never smokers.
Baseline characteristics of participants with different smoking status are shown in Table 1 . Distribution of smoking status was significantly different in participants with different gender (P < 0.001), income (P < 0.001), education level (P < 0.001), CVD history (P < 0.001), and drinking status (P < 0.001). Men were more likely to be current or former smokers than women (P < 0.001). Eversmokers tended to have a lower income and educational level compared to non-smokers, the likelihoods of CVD and alcohol drinking were also higher in ever-smokers (all P < 0.001). The distribution of age, BMI, and PA were not statistically different among current, former, and never smokers.
The mean (SD) number of cigarettes smoked per day and pack-year separately was 21.3 ± 10.5 and 41.3 ± 22.9 among current smokers and 24.1 ± 15.8 and 30.4 ± 27.5 among former smokers. The incidence of cataract surgery in never-smoker (11.3%) was higher than that in former smokers (10.4%) and current smokers (7.1%), but the differences were not statistically significant. Table 2 presents the relative risk estimates of cataract surgery by smoking intensity and cumulative dose. In the fully adjusted model, former smokers and current smokers didnot have significantly different risk of cataract surgery as compared to never smokers. In reference to never smokers, the risk of cataract surgery among former smokers with different cumulative smoking dose, smoking intensity, time since quit smoking and age at smoking cessation showed no statistically significant difference. In addition, comparison of current smokers with different smoking cumulative dose and intensity with never smokers also showed no statistically significant difference in cataract surgical risk. In a stratification analysis of the association between smoking cessation and the risk of cataract surgery, compared with never smokers, no significant associations were identified between time since quit smoking and cataract surgery among ever-smokers across different gender, BMI and insulin treatment status (Table 3 ). One exception was that time since smoking cessation of ≥ 25 years was associated with a lower risk of cataract surgery compared to never smokers in normal weight participants (HR, 0.44; 95% CI, 0.20-0.97), and there was also a marginally significant trend in a lower risk of cataract surgery with longer smoking cessation time for participant with normal weight (P for trend = 0.05).
Discussion
In this large cohort study of working-aged Australians with diabetes, we did not observe any association between smoking intensity or cessation with the risk of cataract surgery, except that longer smoking cessation time appeared to be associated with a lower cataract surgical risk in normal weight participants.
The incidence of cataract surgery among diabetic patients in our study was 12.4 per 1000 person-years, which was significantly higher than reported in similar age groups in the general population, but lower to that reported in other diabetic populations [24] [25] [26] . One study included 56,510 diabetic patients aged 40 years or above from UK and reported an incidence of cataract surgery of 20.4 per 1000 person-years [24] . The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) recruited 2366 diabetic patients and reported an incidence of 27.6% in youngeronset group aged above 45 years and 24.9% in the older onset group aged above 30 years during a 10-year follow-up [27] . Granslund et al. [28] conducted a 25-year follow-up study of 727 patients with type 1 diabetes, the incidence of cataract surgery among participants aged 43-83 years was 28.7%. Difference in ethnicity, age distribution, economic status, and health care accessibility might partially explain the difference in reported cataract surgery incidence among previous studies.
Despite a widely acknowledged positive association between smoking and cataract risk in the general population, there are limited studies investigating the effect of current and former smoking on cataract and cataract surgery among diabetic patients, who are at higher risk of cataract development [20, [28] [29] [30] . Two cross-sectional studies reported that smoking was not associated with cataract among type 2 diabetes [29, 30] . The WESDR reported that the risk of cataract surgery was not increased in former or current smoker [20] . Our study enrolled a large population of Australian with diabetes and followed up for an average of 8.4 years, we found that neither smoking intensity nor smoking cessation was related to cataract surgical risk. Results of our study could add to evidence concerning the association between smoking and cataract surgery in diabetic patients. Although we did identify a marginal significant association between longer smoking cessation time and lower cataract surgical risk in normal weight participants, further studies are needed to confirm this association.
Smoking intensity and cessation had been correlated with cataract and cataract surgery in the general population [10, [14] [15] [16] . Two reviews had indicated a strong association between smoking and cataract [9, 31] , especially among current smokers and for nuclear cataract.
One population-based prospective study of 44,371 men reported that current smokers had a 42% increased risk of cataract surgery than never smokers, and the difference reduced to 21% after quitting smoking for >20 years, suggesting that the damage to the lens was reversible. Mechanisms underlying the associations between cigarette smoking and cataract was believed to be associated with oxidative stress. The free radicals from cigarette smoke could directly weaken the lens protein and cell membrane. Smoking could also lead to a lower level of circulating antioxidants and higher level of free radicals, resulting in a higher risk of cataractogenesis. The toxic effect from metal ions and cadmium accumulation could be another possible explanation [32] . However, we did not find any significant association between smoking intensity or cessation with cataract surgical risk in diabetic patients. One possible explanation may be that diabetic patients were more likely to develop cortical cataracts due to higher osmotic stress caused by sorbitol accumulation [3] . While smoking was significantly associated with increased risk of nuclear cataract and subcapsular cataract, smoking was not associated with cortical cataract [9] . Strengths of the current study include data from a population-based cohort, a large study size, a long followup, and the availability of multiple co-variates. The study population are ideal for investigating the association between smoking and cataract, given a sufficient sample size for participants with different smoking status, intensity and time since quit smoking. However, some potential limitations should be addressed. First, the baseline participant rate of the 45 and Up Study was only 18% and care should be taken if generalizing the study conclusion to the general population. However, it has been proven that representativeness is less impactful in cohort studies when an association between a potential risk factor and outcome of interest was investigated [33] . Second, participant's surgical history before 2004 was unavailable in this study. We excluded participants aged over 65 years, who were most likely to have undergone cataract surgery at baseline, therefore reducing the chance of survival bias. A nation-wide survey in Australia reported that the coverage of cataract surgery among those in need was 98.9% in people aged 50 years and older [34] . Third, cataract surgeries performed in public hospitals were not assessed in this study as they were not recorded in the MBS database. This might limit the generalizability of our conclusion, but considering that 72% of cataract surgeries were performed in private setting in Australia, our findings could still offer valuable reference [35] . Lastly, smoking status was based on baseline self-reported questionnaire in our study, which may be subjective to recall bias and cannot reflect the change in life habits during the follow-up. Future studies should focus on investigating the time-to-time associations between smoking and cataract.
In summary, we found that neither smoking sensitivity nor smoking cessation was associated with the risk of cataract surgery among diabetic patients. More studies are needed to reveal the potential mechanisms for the discrepancy between general and diabetic populations.
Smoking cessation should still be recommended for people with diabetes due to other beneficial health effect. 
